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A human leukocyte interferon cDNA was enzymatically synthesized, inserted into the vector pBR322, and cloned in 
Escherichia coli. The DNA sequence codes for a 23-amino acid signal peptide followed by an interferon polypeptide of 165 
amino acids. An expression plasmid was constructed which permits the synthesis in E. coli of 2.5 x 10 s units of interferon 
per litre of culture. This LelF protected squirrel monkeys from lethal encephalomyocarditis virus infection. 


THE interferons (IFNs) are a family of proteins characterized by 
• potent ability to confer a virus-resistant state in their target 
wHs 13 , In addition, IFNs can inhibit cell proliferation and 
^odulate immune response (reviewed in ref. 2). These proper- 
ws have led to the clinical use of IFN for the treatment of viral 
•Sections and malignancies. 

slhe classical, or type I, IFNs consist of at least two distinct 
< e ne products which differ antigenically 3,4 and have different 
••rjet cell specificities 5 . Leukocyte interferon (LelF) and ftbro- 
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blast interferon (FIF) are named for the cells from which they 
are derived. Messenger RNAs for LelF and FTP have been 
isolated and translated in vitro and in Xenopus oocytes 4,6-8 . 

Both LelF 9 ’’ 0 and FIF U have been purified to homogeneity; 
reported molecular weights range from 17,500 to 21,000. The 
specific activities of these preparations are remarkably high, 
2 x 10 s to 1 x 10 9 U per mg protein. Unfortunately the yields 
from eukaryotic cells have been correspondingly low. Two lffres 
of human blood are required to produce approximately 1 p.g of 
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purified LelF 9 . Nevertheless, advances in protein sequencing 
techniques have permitted the determination of partial amino 

acid sequences 11-15 . 

Recombinant DNA technology provides an alternative 
method of producing large quantities of IFN using bacterial 
cells. Human FIF cDNA has recently been cloned 1415 and 
biologically active mature FIF expressed in Escherichia coti' 5 . 
Likewise, a species of human LelF cDNA has been cloned in E. 
colt and expressed in an apparent precursor form with a signal 
peptide attached 14 . We describe here the construction of a 
plasmid directing the high level expression in E. colt of a human 
LelF which exhibits in vivo antiviral activity. 

Construction and identification of clones 
containing LelF cDNA sequences 

Cells from the human myeioblastoid line KG-1 (ref. 17) were 
collected 5 h after induction with Sendai virus and the 12S 
sucrose gradient fraction of poly(A) RNA was isolated as 
described elsewhere 18 . This mRNA had an [FN titre of 8,000 U 
M-g" 1 in the Xenopus laevis oocyte assay 4 . Five pg of mRNA was 
used to prepare double-stranded cDNA by standard proce¬ 
dures 19 ' . The cDNA was electrophoresed on a 6% poly¬ 
acrylamide gel and 110 ng of material from 600 to 1,300 base 
pairs in length were recovered by electroelution. A 20-ng 
portion of this cDNA was tailed with deoxyC residues 21 , 
annealed with 100 ng of plasmid pBR322 (ref. 22) which had 
been tailed with deoxyG residues at the ft/1 site, and used to 
transform E. coli K12 strain 294 (ref. 23). Approximately 1,000 
tetracycline-resistant, ampicillin-sensitive transformants were 
obtained per ng of cDNA. A rapid plasmid isolation procedure 24 
was used to prepare about 1 p,g of plasmid DNA from each of 
500 individual transformants. Each DNA sample was denatured 
and aliquots were applied to each of three nitrocellulose filters 
following a published procedure 25 . 

The amino acid sequences of several tryptic fragments of 
human LelF have been determined (W. Levy, J. Shively and S. 
P., unpublished results). This information permitted the design 
of synthetic deoxyoligonudeotides potentially complementary 
to different regions of LelF mRNA. The two tryptic peptides 
T-l, and T-13 were selected because they had amino acid 
sequences requiring the synthesis of only 12 and four 
undecamers, respectively, to account for all possible coding 
sequences (Fig. 1). Four sets of deoxyoligonucleotide probes 
were- synthesized for each sequence, containing either three 
(T-l A, B, C, D) or one (T-13 A, B, C, D) oligonucleotides each. 

Tryptic peptide {T-l} 

. Protein AU-Glu-[te~Met-Arg 

5‘ GCN AUC AUG JgN 
G u c 

ConpT#nentary * 

CNA primers 3* CTT TAG TAC GC (T-IA) 

—C -(T-IB) 

-T- (T-K) 

—C---T-* {MD> 

Flf*. I Synthetic deoxyoligon udeotides designed to prime cDNA synthesis 
from LelF mRNA. Amino acid sequences are given for peptide 1 and a 
portion of peptide 13 derived from a tryptic digest of human LeIF-01 (W. 
Levy, J. ShiveJy and S. P„ unpublished results). At! potential mRNA 
sequences coding for these peptides are shown. The indicated complemen¬ 
tary deoxyoligonudeotides 11-bases long were chemically synthesized by 
the phosphotriester method 56 . Four individual printers were prepared in the 
T-13 series. The 12 T-l primers were prepared in four poo is of three primers 
each using a stra(pgy described elsewhere 15 . 32 P-labelled cDNA was pre¬ 
pared from these primers using published reaction conditions 57 * The rcac-- 
tioas (60 til) were performed in 2QmM Tris-HCl (pH 8.3), 20 mM KCJ, 
SmMMgClj. 30 mM £-merceptoethanoI, Reactions included one p.g of 
each primer (that is 12 ng total for T-1 series, 4 *j.g total for T-13 series), two 
p.g of 12S fraction mRNA from induced celts (or 1() fig of poly(A) mRNA 
from uninduccd cells), 0.5 mM dATP, dGTP. dTTP. 200 m.C i |V l P]dCTP 
[2-3,000 Ci mmol -1 ; Amersham), and 60 U reverse transcriptase. Product 
was separated from unincorporated label by gel filtration on a 10-mt 
Sephadex G-50 column, treated with 0.3 M NaOH for 30 min at 70*0 to 
destroy RNA, and neutralized with HO. Hybridizations were performed as 
described 5 i7i . 


Tryptic peptide (T-13) 


—Hi5-G1u-Met-I1e-Gln— 


S' CaJ Ga£ AUG AUC CaJ 

3' GTA CTT TAC TA (T-13A) 

—G- (T-l33) 

-C- (T-UC) 

—G-C-{T-130) 


32 P-T-1C probe 


% 5 45878 ft K> <112 19 14 15 «\jg 
it- f ^ 

26 27 2829X^32333^535573839 

32 P-T-1JC probe 

2 J 45 S II5I0 II 12 13 H 16 1 6 if 1 8 19 

« V 1 

T .■ ftNT* 

28 26 27 20 29 30 31 3233343636 37 3839 


2223241 


f 22gJ24 

* 


■y* 


Fig. 2 Hybridization of potential LelF cDNA recombinam plasmids with 
iJ P-labe)led synthetic deoxyoligonudeotides. Plasmid DNA from the 39 
clones was prepared by a standard cleared lysate procedure 34 and purified by 
Biorad Agarose A-50 column chromatography. Samples (3 fig) of each 
preparation were linearized by treatment with £fcoRI, denatured in alkali 
and spotted on two separate nitrocellulose filters (1.5 ng per spot) 23 . Indivi¬ 
dual synthetic deoxyoligonucleotide primers and primer pools were phos- 
phorylated with [y J3 P]ATP as follows: 50pmol of oligonucleotide and 
lOOpmol of [y 31 P]ATP (2,500 Ci minor 1 ; New England Nuclear) were 
combined in 30 mJ of 60 mM Tris-HCl (pH 8) 10 mM MgCl it 15 raM 
£-merceptoihano!. Two units of T4 polynucleotide kinase were added and. 
after 30 min at 37°C, “relabelled primers were purified by chromatography 
on 10-ml Sephadex G-50 columns. Hybridizations were performed using 
t0*c.p.m. of primer T-13C or 3x 10* c.p.m. of primer pool T-IC. The 
hybridizations were performed at 15 ®C for 14 h in 6 xSSC, 10 x Dcnhardt‘s 
solution, as described by Wallace et al. l4 . Filters were washed for 5 mi# 
(three times) atO *C in 6 X SSC, dried, and exposed to X-ray film. Results art 
shown above for primer T-13C and primer pool T-1G 


These synthetic deoxyoligonudeotides were used to prime the 
synthesis of radiolabelled single-stranded cDNA for use a 
hybridization probes (see Fig. 1 legend). The template mRNA 
was either the 12S RNA from KG-1 cells induced with Sen.dit 
virus (8,000 U IFN activity p-g -1 ) or total poly(A) mRNA from 
uninduced leukocytes (<10 U IFN activity p.g~ l ). 

The three sets of nitrocellulose filters containing the 500 
plasmid samples were hybridized with three different cDNJv 
probes: (I) induced cDNA primed with the T-l set of prinnwi 
(2) T-13-primed induced cDNA, and (3) uninduced cDNA 
prepared by using both sets of primers. Clones were consider#* 
positive if they hybridized more strongly to one or both of the 
Induced cDNA probes (1) and (2) than to the total uninduce* 
probe(3). Thirty clones (pLl-pL30) were selected from the 500 
for further analysis. 

I At this time a partial-length ( — 750-base pair) LelF cDNA 
recombinant plasmid pIFL104, as identified by a mRNA 
brtdization selection procedure, became available 1 ". A uni<? u * 
260-base pair Bgfll restriction fragment isolated from this do 34 
was labelled with 32 P (ref. 26) and used as probe to sere#* 
another 400 transformants by an in situ colony screening 
cedure 27 . Nine colonies (pL31-pL39) were identified wkw 
hybridized to different extents with this probe. Plasmid DNA 
was prepared from all 39 potential LelF cDNA clones ** 
rescreened with the same 260-base pair DNA probe using t 
dot hybridization procedure 25 . Three plasmids (pL4, pUk ; 
pL34) exhibited very strong hybridization signals, four (P ,g ! 
pL30, pL32, pL36) hybridized moderately, and three (P*^. 1 
pL8, pL.14) hybridized weakly with the probe. M i 

The 39 potential LelF cDNA recombinant plasmids were®"? i 
screened with 32 P-labelied synthetic undecamers (individual ;*■ j 
primer pools or individual T-13 primers) directly as hybrid^ 
tion probes. The hybridization conditions were chosensuch Tjl 
perfect base pairing should be required for detectable 
dization signals 25 . Plasmid pIFL104 was found to give signd"*j* 
hybridization with primer pool T* 1C and primer T-13C, b u ‘ . 
detectable hybridization with the other undecamers. As sh° . 
in Fig, 2, several of the 39 potential LelF plasmids (pL2, ] 

17, 20, 30, 31, 34) also hybridized with both of these 
Restriction analysis revealed that only one of these P' a5 ®5H 
pL31, also contained a 260-base pair internal Bgl II frag®*’ 7 ?' 
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fa (digestion of pL31 showed the size of the cDNA insert to be 
1,000 base pairs. 

pytfA sequence of recombinant plasmid pL31 

«vg entire Pst I insert of pL31 was sequenced by both the 
Irtxam-Gilbert chemical method 35 and an enzymatic method 30 
jng the bacteriophage M13 cloning vector mp7 (P. S., unpub- 
results). The DNA sequence is shown in Fig. 3. Protein 
Gquence information from LelF (ref. 13; W. Levy, J. Shively 
^ S- P-i unpublished results) permitted the determination of 
correct translational reading frame and allowed us to predict 
E, entire LelF type A (our term for the LelF encoded by pL31) 
jgjjno acid sequence, including a precursor segment or signal 
rjiptide. The first ATG translational initiation codon is found 60 
J^kotides from the 5' end of the sequence and is followed, 188 
jpdons later, by a TGA termination triplet; there are 335 
^translated nucleotides at the 3' end, followed by a poly(A) 
jjqtience. The putative signal peptide (presumably involved in 
secretion of mature LelF from leukocytes) is 23 amino acids 
(png. The 165-amino acid polypeptide constituting the mature 
j^lF has a calculated molecular weight of 19,390. The DNA 
jequence also shows that .the tryptic peptides T1 and T13 of 
lelFPi (Fig.T) correspond to amino acids 145-149 and 57-61, 
fjjpectively, of LelF A. The actual DNA coding sequences 
^und in these two regions are those represented by primer pool 
J-IC and primer T-13C, as the hybridization data in Fig. 2 had 
(^ggested. 

■ The amino acid sequence deduced from the DNA sequence of 
gefF type A has only partial identity with the directly deter¬ 
mined NH 2 -terminal amino acid sequences of LelFal (20 out Of 
positions) 13 and human lymphoblastoid IFN (16 out of 20 
positions) 13 . It also differs significantly from the complete amino 
*dd sequence recently deduced from the nucleotide sequence of 
LelF I (ref. 31). LelF I codes for a mature IFN of 166 amino 
ends, as compared to 165 amino acids for LelF A. The extra 
uni no acid (asparticacid)of LelF I is between amino acids 43 and 
44 of LelF A. Furthermore, only 137 of the remaining 165 amino 


acids (83 %) are identical. The single longest stretch of homology 
between the two LelFs is 19 amino acids (residues 132-150), 
and in one region (residues 100-106) only two out of seven 
amino acids are identical. The amino acid homology in the signal 
peptide sequence is 74% (17/23 identical residues). The gly¬ 
cine-cysteine cleavage site between the signal and IFN sequence 
is the same in both IFNs. In addition, the 3' untranslated regions 
of LelF A and LelF I mRNAs (335 compared with 242 nucleo¬ 
tides) differ considerably. The explanation for these dis¬ 
crepancies lies in the fact that there is a family of non-identical 
LelF genes (including pL4, pL13, pL30, pL32), evidence for 
which will be reported soon. 

Expression of leukocyte pre-interferon A 

The precursor form of LelF A (Le-prelF A) was expressed in 
E. coli by ligating the 1,000-base pair Pstl insert into the Pst I 
site of the plasmid pNCV. pNCV is a derivative of pBR322 
containing part of the E. coli tryptophan opcron (extending 
from the promoter-operator region through the trp E gene, with 
a deletion 53 of a portion of the trp leader and trp E coding 
regions) which has been modified to contain a unique Pstl site at 
the C-terminal end of the trp E protein coding sequence (H. H., 
unpublished results). The LelF A DNA sequence can be 
inserted into pNCV in either of two orientations. As shown in 
Table 1, only plasmids having inserts which are orientated 
correctly with respect to the direction of transcription from the 
trp promoter give detectable IFN activity. Extracts of E. coli 
containing the plasmid pLe-prelF A2 gave approximately 
480,000 U of activity per litre of culture, considerably higher 
than the maximal 20,000 U l -1 reported by Nagata et al. for 
Le-prelF D (ref. 16). The Le-prelF A produced by E. col! can be 
visualized by staining and co-migrates with human growth 
hormone (191 amino acids; molecular weight 22,000) on 
SDS-polyacrylamide gels (J. Perry, unpublished results). 
This suggests that the expression of Le-prelF A in pNCV is 
due to translation initiating at the signal peptide ATG start 
codon. 


S' St 510 

net tla leu thr phc ala leu leu val ala 
TGAGCCTAAACCTTAGGCTCACCCATTTCAACCAGTCTAGCAGCATCT6£AACATCTACA ATG GCC TTG ACC TT7 GCT TTA CTG GTG GCC 

54 

S20 S23 1 10 

l#u leu val leu ser ey« lys ser eer cys *er val gly CYS ASP LEU PRO GLN TfiH. HIS SER LEU GLY SER ARG 

CTC CTG GTG CTC AGC TGC AAG TCA AGC TGC TCT GTG GGC TGT GAT CTG CCT CAA ACC CA£ AGC CTG GGT AGC AGG 

i'oo 150 

20 30 

ARC THR LEU MET LEU LEU ALA GLN MET ARC LYS ILE SER LEU PHE 5ER CYS LEU LYS ASP ARC HIS ASP PHE GLY 

AGG ACC TTG ATG CTC CTG GCA CAG ATG AGG AAA ATC TCT CTT T7C TCC TGC TTG AAG GAC AGA CAT GAC TTT GGA 

200 


Fit-3 Nucleotide and amino sequences 
ofpLGl (LelF A). The DNA sequences of 
both strands of the FsrI insert were 
determined by the Majcam-Gilbert tech¬ 
nique and by the dideoxy chain termina¬ 
tion procedure 3 ® after subcloning SViu3b 
fragments of pL31 into the M13 vector 
mpT (P.S., unpublished results). Numbers 
above each line refer to amino acid posi¬ 
tion (S refers to signal peptide) and 
numbers below each line to nucleotide 
position. 


A0 50 60 

PHE PRO GLN GLU GLU PHE GLY ASK GLN PHE GLN LYS ALA GLU THR ILE PRO VAL LEU HIS GLU MET ILE GLN GLN 

TTT CCC CAG GAG GAG TTT GGC A AC CAG TTC CAA AAG GCT GAA ACC ATC CCT GTC CTC CAjf GAG ATG ATC CAG CAG 

250 390 

70 80 

ILE FHE ASM LEU PHE SER. THR LYS ASP SER SER ALA ALA TRP ASP GLU THR LEU LEU ASP LYS PHE TYR THR GLU 

ATC TTC A AT CTC TTC AGC ACA AAG GAC TCA TCT G£T GCT TGG GAT GAG ACC CTC CTA GAC AAA TTC TAC ACT GAA 

iso 


90 100 no 

LEU TYR GLN GLN LEU ASN ASP LEU GLU ALA CYS VAL ILE GLN GLY VAL CLY VAL THR GLU THR PRO LEU MET LYS 
CTC TAC CAG CAG CTG AAT GAC CTG GAA GCC TGI GTG ATA CAG GGG GTG GGG GTG ACA GA£ ACT CCC CTG ATG AAG 


<00 


450 


120 130 

GLU ASP SER ILE LEU ALA VAL ARG LYS TYR PHE GLN ARG ILE THR LEU TYR LEU LYS GLU LYS LYS TYR SER PRO 
GAG GAC TCC ATT CTG GCT GTG AGG AAA TAC TTC CAA AGA ATC ACT CTC TAT CTG AAA GA6 AAG AAA TAC AGC CCT 


500 


140 150 160 

CVS ALA TRP GLU VAL VAL ARG ALA CLU ILE MET ARG SER PHE SER LEU 5ER THR ASN LEU GLN GLU SER LEU ARG 
TGT GCC TGG GAG GTT GTC AGA GCA GAA ATC ATG AGA TCT TTT TCT TTG TCA ACA AAC TTG CAA GAA AGT TTA AGA 

S50 *00 


16S 

5ER LYS CLU STOP 

AGT AAG GAA TGA AAACTGGTTCAACATG&AAATG£TTTTCATTAATTCGTATGCCAGCTCACCTTTTTArGATCT6CCA7TTCAAAGACTCATGT 

S50 700 


TTCTGCTATGACCATGACACGATTTAAATCTTTTTCAAATGTTTTTAGGAGTATTAATCAACATTGTAnCAGCrCTTAAGGCACTAGTCCCTTACAGAG 

750 tOO 

gaccatgc tgactgatccattatctatttaaatatttttaaaatattatttatttaactatttataaaacaacttatttttgttcatatiacgtcatgtg 

*50 *00 

cacctttgcacagtggttaatgtaataaaatatgttctttgtatttggtaa 

*50 

3' 
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Table 1 

Interfeton activity in extracts of E, coti 


E. coli 294 

Cell density 

IFN activity LelF molecules 

transformed by: 

Cecils ml- 1 ) 

(U per ml culture) 

per cell 

pLe-prelF A2 

3.S x 10" 

480 

120 

pLe-prelF A3 

3.5 x 10" 

0 

0 

PDIFA25 

3.5* i0" 

36,000 

9.000 

pLelF A25 

t.8xl0 4 

250,000 

12,000 

pLelF All8 

3.5x10* 

20 

5 


The 1,000-base pair PsrI insert (0.5 jxg) from pL3l was ligated to 0.2 p.g of 
Pill-cleaved pNCV and the product used to transform E. coli 294. Recombinant 
plasmids containing inserted LcIFcDNA were identified by colony hybridization 27 
using the “P-labellcd 260-base pair S?/II fragment from pL31 as a hybridization 
probe. Digestion of these plasmids with identified clones with the LelF A 

DNA sequence orientated in the correct orientation (pl-e-prcIF A2) and in the 
opposite orientation (pLe-prelF A3). The construction of pLelF A25 and pLelF 
A118 for direct expression of LefF A is described in Fig, 4 legend. pLelF At 18 has 
the trp promoter orientated such that transcription proceeds away from the LefF A 
gene. Extracts were prepared for IFN assay as follows. One-ml cultures were grown 
!o L-brorh containing 5 p,gml' ! tetracycline to an Aj^ot -1.0. then diluted into 
25 ml of M9 medium containing0.2% glucose, 0.5% casamino acids and 5 p.g ml -1 
tetracycline. 10-ml samples were collected by centrifugation when A 53<> reached 
1.0 and cell pellets were suspended in 1 ml of 15% sucrose, 50 mM Tris-HCl (pH 
8.0), 50 mM EDTA. One mg of lysozyme was added and, afrer 5 min at 0 °C, cells 
were disrupted by sonieaiion. The samples were centrifuged for 10 min at 
15,000 r.p.m. in a Sorvall SM-24 rotor. IFN activity in the supernatants was 
determined by comparison with LelF standards by the cytopathic effect (CPE) 
inhibition assay 2 . To determine the number of IFN molecules per cell, a LcIFspea- 
fic activity of 4xl8 a Umg~ 1 was used 9 . To measure pH2 stability, the 
250,000 U mT 1 extract of E. coli 294/pLefF A25 was diluted 500-fold with MEM 
giving a concentration of 500 U ml - *, A LIF standard (Wadlcy Institute) pre¬ 
viously titrated against the NIH LIF standard, was also diluted to a final concen¬ 
tration of 500 Uml -1 . Aliquots (l ml were adjusted to pH 2 with 1 M HC1, 
incubated at 4 *C for 52 h, neutralized by addition of NaOH and IFN activity 
determined by the standard CPE inhibition assay 2 . To measure neutralization by 
antibody, 25-pi aliquots oE the 500 U mV 1 samples (untreated) were incubated 
with 25 p.1 of rabbit anti-human LelF (10,000 neutralizing units ml" 1 ) for 60 min at 
37 “C, centrifuged at 12,000* for 5 min and the supernatant assayed. 


Direct expression of mature leukocyte 
interferon ?. 

The procedure followed to express LelF A directly as a mature 
IFN polypeptide was a variation of that employed previously for 
human growth hormone 20 . As shown in Fig. 4, a Sau 3a restric¬ 
tion endonuclease site is conveniently located between codons 1 
and 2 of the LelF A sequence. Two synthetic deoxy. 
oligonucleotides were designed which incorporate an ATG 
translational initiation codon, restore the co'don for amino acid 1 
(cysteine), and create an EcoRl sticky end. These oligomers 
were ligated to a 34-base pair, Sau3a-Avall fragment of pL31. 
The resulting 45-base pair product was ligated to two addition*} 
DNA fragments to construct an 865-base pair synthetic- natural 
hybrid gene which codes for LelF A and which is bounded by 
EcoRl and Pst i restriction sites. This gene was inserted into 
pBR322 between the FceRI and PsrI sites to give the plasmid 
pLelFAl. 

Next, a 300-base pair Eco R 1 fragment was constructed which 
contains the E. coli trp promoter, operator, and the trp leader 
ribosome binding site but stops short of the ATG sequence for 
initiation of translation of the leader peptide (D. Kleid and D. 
Yansura, unpublished results). This DNA fragment was cloned 
into the EcoRl site of pLelF Al. Transformants carrying plas¬ 
mids with the trp promoter orientated in either possible orient 
tation were assayed for IFN activity (Table 1). Clone pLelF A2S, ! 
in which the trp promoter was inserted in the desired oriea- 
tation, gives high levels of activity (2.5 x 10 s U l -1 ). Low levels of 
activity are obtained even if the trp promoter reads away frora 
the LelF A gene, as in the case of pLelF A118 (2,0 x 10 1 Ui' 1 ). 
The IFN produced by E. coli 294/pLeIF A25 behaves like 
authentic human LelF; it is stable to treatment at pH! and it 


Sau$a 


SouZq 


Sou 3d 


Sw 3o 


/VI 

1 

j Aval 

j Bgtt 

BgfTL 


Pstl 

f 



V'r *r> <*v 

— GGC TGTJGAT CTG — 

— cco acactaSac- 


Synthetic ON A 
5’ AATTCATGTGT 


- AGG AG£3CC TTG — 
-TCCTCCT^PAAC— 


Sau 3q, Ava% 
Isolate 34 bp frag. 


gtacacactag 



mtf cjt uio >*u 

AArrCATGTffrGATCTG- 
G TAC ACACTAGAC- 

BccRI 

45 bp 


T4 DNA ligase 


peff OfJ 

-AGG AG 
- ICC TCC ra 

Aval t 


Avail, BgfU. 
isolate 150 bp frog. 


•' FIj.4 Construction ofa gene coding for 
the direct synthesis of mature human 
LelF A in E coli. 250 p.g of plasmid 
pL3t were digested with jRsrl and the 
1,000-bASe pair insert isolated by gel 
electrophoresis on a 6% polyacrylamide 
gel. Approximately 40 p.g of insert were 
elcctroeluted from the gel and divided 
into three aliquots for further digestion, 
a, A 16-p.g sample of this fragment was 
partially digested with 40 (J of Bg!U for 
45 min at 37 C C and the reaction mixture 
purified on a 6% polyacrylamide gel. 

Approximately 2 ng of the desired 620- 
base pair fragment were recovered, b, 

Another sample {$ jxg) of the 1,000- 
base pair Pstl insert was restricted with 
Avail and Bglll. One fig of the 
indicated 150-base pair fragment was 
recovered after gel electrophoresis, c, 

16 p.g of the 1,000-base pair piece were 
treated with Sou3a and Avail. After 
electrophoresis on a 10% poly¬ 
acrylamide gel, approximately 0.25 *ig 
(*-10 penoi) of the 34-base pair frag¬ 
ment were recovered. The two 
indicated deoxyoligonuclcotidcs, 5'- 
dAATTCATGTGT (fragment 1) and 
5'-dGATCACACATG (fragment 2) 
were synthesized by the phosphotriester 
procedure 36 . Fragment 2 was phos- 

phorylated as follows: 200 jxi b&s w> ■ | 

(~40pmol) of [y 32 P]ATP (5,000 Ci '" T | 

mmol’ 1 ; Amer$h*m) was dried dow n and resuspended in 30 jdof 60 mM Tris-HCl (pH 81,10 mM VfgCJ 2 , 15 mMp-nwreaptoethanol, containing 100 pmolof 
fragment and 2 UofT4 polynucleotide kinase. After 15 min at 37 *C, 1 p.lof 10 mM ATP was added and the reaction allowed to proceed another 15 min.Thentix^jY . 
was then heated at*70 a C for 15 min, combined with 100 pmol of 5'-GH fragment 1 and 10 pmol of the 34-base pair Saa3a-AcaII fragment. Ligation was 
for 5 h at 4 5 C in 50 of 20 mM Tris-HCl (phi 7.5), 10 mM MgClj, 10 mM dithiothreitoh 0.5 mM-ATP and 10 UT4 DNA ligase. The mixture,was electroP* ,or *'**n7 
on A 6% PA gel and the 45-base pair product recovered by electroelution. 860,000 Cerenkov c.p.m. were recovered (—30 ng t 1 pmol), combined with 0.5 


Sqm. 


BqiTL 


BglTZ. 


'%■ 

-i, 

=£. 

Bgl JI partial dig*** ~ 
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of the 150-base pair Aoa U^Bgil I fragment and 1 p.g{2 pmo!) of the 670-base pair Bglll-Pstl fragment. The ligation was performed at 20*0 for 16 busing 20 


DNA ligase. The Ugase was inactivated by heating to 65 °C for 10 min. The mixture was then digested with FcoRl and Psr! to eliminate polymers of 
mixture was purified by 6% polyacrylamide gel electrophoresis. 36,000 c.p.m. (—0.04 pmol, 20 ng) of 865-basc pair product were isolated. One half (10 ng) 


was ligated into pBR322 {0.3 ^.g) between the EcoRf and Pst I sites. Transformation of E. coli 294 gave rise to 70 tetracycline-resistant, ampEcillin-s<' , ^ 
transformants. Plasmid DNA isolated from 18 of these transformants was digested with EcoRl and Pstl. 
pairs in length. One *xgof one of these, pLelF A1, was digested with FcoRI and ligated to a 300-base pair l 

and trp leader ribosome binding site. Transformants containing the trp promoter were identified using a lz P-trp probe in conduction \ 
colony screening procedure’ 7 . An asymmetrically located Xbal sire in the trp fragment allowed us lo determine recombinants in which the trp prom oJef 
orientated in the direction of the LelF A gene. bp. Base pair. 
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2 Antiviral effect of various LelF preparations 
infection of squirrel monkeys 

against EMC virus 
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>411 monkeys wcrc mate (average weight 713 g) and had no EMC virus anti- 
^Aes prior to infection. The monkeys were infected intramuscularly with 100 x 
S>TeMC virus (determined in mice). The control treated monkeys died at 134. 
Jrt^nd 164 h post-infection. 1FN treatments o( 10 4 U were intravenously at -4, 
J?33, 11. 48. 72 ,168 and 240 h, relative to infection. The bacterial LelF was a 
Sjtnii chromatography fraction (R, WetceJ, unpublished results) from a lysate of 
194/pLelF A25 at a specific activity of 7.4 x 10 s U mg' 1 protein. The 
_.. n i bacterial proteins were an equivalent column fraction from a lysate of E. 

r 2 y 4 /pBR332 at twice the total protein concentration. The LelF standard was 
^gai virus-induced IFN from normal human buffy-coat cells, purified chroma- 
Saphically to > specific activity of 32x10* U per mg protein. Survival-of the 
^ekeys m the IFN-trcatcd group is significant at the 5% level by a log rank X 1 
^jysi »*• PFU, plaque forming unit. 

jyitralized by rabbit anti-human LIF antibodies. The IFN has 
Sggjx partially purified and has an apparent molecular weight of 
MfiOO (R. Wetzel and M. Ross, unpublished results). 

|g vivo antiviral activity of LelF A 

in vivo efficacy of IFN needs the presence of macrophages 
.wjrJNK cells, and the in vivo mode of action seems to involve 
3|nulation of these cells 33 " 15 . Thus, it remained possible that the 

-produced by E. coli 294/pLeIF A25, though having 
.|j[jviral activity in the cel] culture assay, would not be active in 
^fected animals. Moreover, the in vivo antiviral activity of the 
4 »Cterially produced, non-glycosylated LelF A might be 
Afferent from the IFN derived from human ‘bully coat' leuko- 
tgiet. Therefore the biological activity of bacterially synthesized 
IjclF A (—2% pure) was compared with buffy coat LelF (—8% 
jure) in lethal encephalomyocarditis (EMC) virus infection of 
Kjuirrei monkeys (Table 2). The control monkeys showed pro- 
pessive lethargy, loss of balance, flaccid paralysis of the hind 
tabs and watering of the eyes commencing ~8 h before death. 
The IFN-treated monkeys showed none of these signs; they 
tfinained active at all times and developed no viremia (Table 2). 
tte one monkey in the control group which did not develop 
premia by 4 days died latest (164 h post-infection) but showed 
figh titres of virus in the heart and brain on post mortem. The 
ffiN-treated monkeys did not develop antibodies to EMC virus 
•^determined 14 and 21 days after infection. These results 
demonstrate that the antiviral effects of LelF preparations in the 
infected animals can be attributed solely to IFN because the 
contaminating proteins are quite different in the bacterial and 
Wffy coat preparations. In addition, these results indicate that 
flycosylation is not required for the in vivo antiviral activity of 
LelF A. The pharmacokinetics and toxic effects of the natural 
•ad bacterially produced LelFs are currently being compared. 

Discussion 

fjith 12S poty(A) mRN A from induced human leukocytes, a full 
wtgth LelF A cDNA has been synthesized and cloned in the 
Eco/f vector pBR322. This particular clone (pL31) was 
identified by colony screening using a DNA fragment from a 
4»rter LelF cDNA clone 18 as hybridization probe. pL31 was 
•ho found to hybridize to synthetic deoxyoligonucleotide 
pfObes whose sequences were based upon LelF amino acid 
•Alienee data. Several additional types of LelF recombinant 
Phsmids were identified by hybridization to radiolabelled LelF 
dl S' A probes. These probes were prepared by using the 
tynthetic deoxyoligonucleotides as primers for the synthesis of 
“*NA using 12S poly(A) mRNA from induced cells as 
toplate. This approach should be generally applicable for the 


identification of recombmanl plasmids obtained through cDNA 
cloning of rare mRNA species, assuming that some protein 
sequence information is available. 

The 961-base pair DNA sequence of pL31 codes for 188 
amino acids, 23 of which are probably cleaved during the 
process of secretion of mature LelF from leukocytes. The 
188-amino acid leukocyte pre-IF A was expressed in E.coli 
under rrp promoter control and bacterial extracts were found to 
be biologically active in tissue culture assay. I r t is not yet known if 
the IFN activity is associated with the pre-interferon itself, or if 
a small proportion of Le-prelF A is processed by E. coii to a 
biologically active form. A plasmid was also constructed which 
codes for high level expression of the 165 amino acid LelF A 
preceded only by a methionine. The present yield of 2.5 x 10 8 U 
per litre of culture corresponds to about 600 pg of IFN per litre 
of culture, assuming an LelF specific activity of 4 X 10 8 U mg"' 
(ref. 9). 

This bacterially synthesized LelF A exhibits the pH 2 stability 
and immunological characteristics of authentic human LelF, 
and it protects squirrel monkeys against lethal infection with 
EMC virus when treatments are initiated prior to viral chal¬ 
lenge. Studies are under way to determine if bacterially 
produced LelF A has therapeutic, as well as prophylactic, value. 
Additionally, the in vivo activity of LelF A is being compared 
with the activities of bacterially produced human fibroblast 
IFN 15 , and several other types of bacterially expressed LelF. 
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